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REMARKS 

Claims 44, 45, 46, 50, and 51 have been cancelled. Claims 1-43 and 47-49 are 
now pending in the application. Claims 3, 4, 11, 12, 13, 14. 17, 18, 19, 20, 22, 23, 30, 
31, 32, 33. 36. 40, 41, 42, 43, 47, 48, and 49 have been amended. No new matter has 
been added by amendment. Reexamination and reconsideration of the claims as 
amended are respectfully requested. 

Claim Rejections - Double Patenting 

8. The Examiner continues to reject claims 14, 17, 33, 36, 41, 43, 45, and 46 under 
the judicially created doctrine of obviousness-type double patenting as being 
unpatentable over claims 1-26 of U.S. Patent No. 5,936,148 (Canigan et a!.). Applicant 
again traverses the rejection. 

Claims 45, and 46 have been cancelled. Claims 17, 33, 36, 41, and 43 have 
been amended. Claims 36, 41, and 43 are now limited to PH54H^progeny that have 
been produced through one out cross. Claims are now limited to PH54H-progeny that 
within a pedigree distance of two or less from PH54H. 

Examiner goes on to state that, "The instantly claimed plants that are derived 
from crosses and breeding programs are not patentably distinct from the patented plants 
that are derived from crosses and breeding programs involving PH1GC, as they can 
express traits that are also expressed by the patented plants." Applicant respectfully 
disagrees with the Examiner. Applicant submits that PH54H is clearly differentiated from 
PH1GC. One would not be able to obtain PH54H through modification of the maize 
inbred taught in patent '148 because PH54H comprises a unique and nonobvious 
combination of previously unknown and nonobvious genetics. Further, plants derived 
from PH54H are also clearly differentiated. The corn genome contains enormous 
complexity, and it is not possible that the claimed plants derived from PH54H could have 
been produced without the use of PH54H. In particular, PH1GC could not be substituted 
as the starting material to produce the claimed plants derived from PH54H. The 
genetics of PH54H comprise linkage groups and polymorphisms unique to PH54H, and 
it would be impossible to completely remove the contribution of PH54H to its progeny 
within one breeding cycle. 

In light of the above, Applicant respectfully requests that the Examiner reconsider 
and withdraw the rejection to claims 1-49 due to double patenting or provide some clear 
evidence to establish why PH54H would have been obvious over PH1GC. See In re 
Kaplan. 789 F. 2d 1580,229 U.S.P.Q. 683 
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Claim Rejections under 35 U.S.C. § 112, Second Paragraph 

9. Examiner rejects claims 3, 5, 14, 22, 33, 40-46, 50 and 51 under 35 U.S.C. 112, 
second paragraph, as being indefinite for failing to particularly point out and distinctly 
claim the subject matter which the applicant regards as the invention. 

The Examiner rejects claims 3 and 22 for the recitation of "wherein the plant is 
male sterile". The Applicant traverses the rejection but has amended the claims for 
clarification purposes and to expedite prosecution. Claims 50 and 51 have been 
cancelled. Claim 3 has been amended by replacing "male sterile* with -detasseled- as 
suggested by the Examiner. The Examiner suggests that a new claim be directed 
towards a method of producing a male sterile maize plant comprising transforming the 
maize plant of claim 2 with a nucleic acid that confers male sterility, and another claim 
directed toward the male-sterile plant produced by the method of transforming. Claim 22 
has been amended and now reads, "The maize plant of claim 2, wherein genes 
controlling male sterility have been transferred into said maize plant through crossing 
that utilizes PH54H as a recurrent parent and wherein said plant has essentially the 
same morphology and physiology of inbred line PH54H other than the trait of male 
sterility." Starting on page 1, line 35 and going through line 14 of page 3 of the 
specification it states that various genes, nuclear and cytoplasmic, have been used to 
control sterility in maize plants. In the specification on page 4, lines 7-13, it states, 
"Backcrossing can be used to transfer a specific desirable trait from one inbred or source 
to an inbred that lacks that trait. This can be accomplished, for example, by first 
crossing a superior inbred (recurrent parent) to a donor inbred (non-recurrent parent), 
that carries the appropriate gene(s) for the trait in question. The progeny of this cross is 
then mated back to the superior recurrent parent followed by selection in the resultant 
progeny for the desired trait to be transferred from the non-recurrent parent." The 
technique of backcrossing male sterility genes into an inbred maize plant is well known 
and well understood to one of ordinary skill in the art. The technique has been 
successively used since the 1950's (see pages 585-586 of Wych, 1988 included in the 
information Disclosure Statement). The amendments contain no new matter. The 
Applicant requests reexamination and reconsideration of the claims as amended. 

The Examiner rejects claim 5 because there is no antecedent basis for 
"protoplasts h . Applicant has amended claims 4 and 23. The claims now read, "A tissue 
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culture of regenerate cells or protoplasts from the plant of claim 2 {21}." Thus the term 
"protoplasts" in claims 5 and 24 which depend from claims 4 and 23 respectively, has 
proper antecedent basis. The amendments place the claims in condition for allowance. 

The Examiner rejects claim 40 because of the recitation of the word "comprising". 
The Examiner states that the claim is indefinite because it "does not clearly indicate how 
many crosses are to be performed by the method." Claim 40 has been amended to 
specify the first generation (F1) plant. Dependent claim 41 has also been amended to 
reflect the change in claim 40. 

The Examiner rejects claims 14, 33, and 46 because "the recitations of 'pollen 
shed', 'yield', 'grain dry down' and 'plant height' render the claims indefinite. All com 
plants have these traits, and it is not clear how the recitations define the claimed plant." 
Claim 14 has been amended and it no longer includes the recitation of "Northcentral 
region of the United States." Claim 33 has been amended and no longer includes such 
terms as "pollen shed." Claim 46 has been cancelled. The Applicant points out that what 
is being claimed is progeny derived from PH54H that has the same degree of expression 
of two traits as PH54H, for example a progeny derived from PH54H that has the same 
yield and same plant height. This provides an observable phenotypic description of the 
progeny's genetic inheritance from PH54H. The claim is not to any plant that has yield 
and height. 

Claim Rejections - 35 USC § 112, first paragraph 

10. The Examiner rejects claims 9-20, and 28-49 are rejected under 35 U.S.C. 112, 
first paragraph, as containing subject matter which was not described in the specification 
in such a way as to reasonably convey to one skilled in the art that the inventors, at the 
time the application was filed, had possession of the claimed invention. Applicant 
traverses the rejection. 

The Examiner rejects claims 9, 10, 28, and 29 that are directed to F1 hybrids 
produced with PH54H as a parent. Applicant notes that a claim to the F1 hybrid made 
with a deposited inbred was expressly acknowledged without reservation by the United 
States Supreme Court In J.E.M. Ag. Supply, Inc. v. Pioneer Hi-Bred Int'l, Inc., 60 USPQ 
2d 1865,1873 (S.Ct. 2001), when the Supreme Court wrote, "...a utility patent on an 
inbred plant line protects the line as well as all hybrids produced by crossing that inbred 
with another plant line." 

Furthermore, one of ordinary skill in the art would know if they were using or one 
could easily identify if they were using PH54H. All F1 plants would have essentially the 
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same genetic markers as the deposited PH54H. It is well known to anyone skilled in the 
art that a hybrid has a genome with one set of the alleles from each inbred. Therefore 
the genetic profile exhibited in the deposit would be exhibited in the hybrid. As stated in 
the specification on page 15, lines Me, there are many laboratory-based techniques 
available for the analysis comparison and characterization of plant genotype such as 
Restriction Length Polymorphisms (RFLPs) and Simple Sequence Repeats (SSRs). 
Such techniques have been known for some time and may be used to identify whether 
or not PH54H was used to develop a hybrid. Applicant also submits to the Examiner the 
journal article by Berry et al. (2002). This article discusses the probability of identifying 
the parents of the hybrid by SSR data when neither parent is known. A copy of article by 
Berry et al. is attached to this Amendment and Request for Reconsideration as Appendix 
B, The results of the experiment showed that using 100 SSR loci markers resulted in 
correct parental ranking of inbreds for 53 out of 54 hybrids. Applicant also points out 
that any breeder of ordinary skill in the art will know the identity of both parents used to 
produce a hybrid. 

The Examiner broadly rejects product claims encompassing any modification of 
PH54H, no matter how minor the modification or routine the modification is for a breeder 
of ordinary skill in the art to make. 

As noted in the specification, the development of an inbred line is a time 
consuming and labor intensive activity. On average, between 10,000 to 20,000 lines are 
created and screened in order to develop any maize inbred line for which an Applicant 
files a patent application. Once developed, the inbred line is useful for two purposes: (1) 
to make commercial hybrids, and (2) as a source of breeding material for the 
development of new inbreds that retain its desired characteristics. A breeder desiring to 
make a line with similar traits to PH54H would be greatly advantaged by being able to 
use PH54H as starting material. This is because the linked genes arranged through 
Applicant's breeding efforts, and fixed in PH54H, can be maintained in the progeny of 
PH54H by a breeder of ordinary skill in the art. For example, if a breeder of ordinary skill 
in the art desired an early maturity version of PH54H, the breeder could cross PH54H to 
an earlier maturing variety, select for progeny with at least two desired PH54H traits that 
also express early maturity, and continue selecting for the traits of PH54H combined with 
early maturity. Optionally, the breeder could backcross to PH54H to obtain further 
genetic contribution from PH54H. The end result is the development of an inbred line 



9 



Received from < 515 334 6883 > at 2/3/03 4:08:37 PM [Eastern Standard Time] 




03 MON 16:00 FAX 515 334 6883 PIONEER HI -BRED DSM 

09/491,596 

with substantially all of the benefit of Applicant's work but with only a fraction of the 
effort. 

Specifically, in rejecting the claims for Jack of written description, the Examiner 
states, "the specification does not describe the plants produced by the com breeding 
programs, transgenic PH54H p/ants, PH54H plants comprising single gene 
conversion(s), or by crosses wherein at least one ancestor is the corn variety PH54H, 
other than PH54H/PH1GD. The morphological and physiological traits of the corn plants 
that are crossed with PH54H. and with progeny of that cross, are unknown, and the 
description of progeny and descendents of corn plant PH54H are unknown. The 
description of PH54H is not indicative of the description of plants and seed produced by 
the breeding programs and crosses, or any of its descendents. The claimed invention 
also encompasses plants that express at least two of the 'PH54H traits' listed in claims 
14, 33, and 46. However, to say that a plant expresses two traits of another plant is not 
sufficient information to describe that plant, as numerous corn plants express at least 
two of the same traits as those expressed by PH54H. Two plant traits do not provide any 
description of the other traits of the plant. It is possible that the claimed plants inherited 
the genes governing those traits from an ancestor other than plant PH54H. For, 
example, Carrigan et al. (U.S. Patent No. 5,936,148) describes a corn plant, designated 
'PH1GC which has at feast two traits in common with PH54H, a relative maturity of 95 
based on the Comparative Relative Maturity Rating System for harvest moisture of grain, 
root lodging resistance, and brittle stalk resistance, for example (col. 10, lines 36-50). 
The instantly claimed corn plants could have PH1GC as an ancestor, as well as PH54H, 
in which the relative maturity, root lodging and brittle stalk traits, for example, could have 
been inherited from PH54K The claims also encompass plants that do not have to 
express any of the traits that are expressed by PH54H." 

Applicant notes that Examiner's comments represent a change of patent office 
policy, in numerous previous cases involving the protection of germplasm and progeny 
claims, including cases allowed after the recently adopted written description guidelines, 
the listing of traits was previously required by the patent office as a way to meet the 
written description requirement with respect to progeny. One reason for using traits as a 
means of description is because it was, and still is, technologically impossible to 
sequence the entire genome of a specific variety. 

This situation is somewhat anaiagous to Ex Parte Tanksley, 37 USPQ2d. 1382. 
In that case the Examiner desired that Tanksley claim according to sequence data to 
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"better characterize the cDNA clones" and "facilitate a complete search of the prior art* 
and issued a 1 12 first paragraph written description rejection, The Board held that "the 
section 112 rejection amounts to a requirement... that the appellants amend their claims 
in a specified manner... We find no language in the statute or case law which would 
support that requirement." The Board, in treating the section 112 first paragraph 
rejection as a 112 second paragraph rejection, held that "In our judgement, a patent 
applicant is entitled to a reasonable degree of latitude in complying with the second 
paragraph of 35 U.S.C. 112 and the examiner may not dictate the literal terms of the 
claims for the stated purpose of facilitating a search of the prior art. Stated another way, 
a patent applicant must comply with 35 U.S.C. 112, second paragraph, but just how the 
applicant does so, within reason, is within applicant's discretion." Id. at 1386. 

Applicant has amended claims 17 and 33. The progeny covered are limited to 
those within a pedigree distance of two crosses away from PH54H. Claims 36 and 41 
are limited to one cross away from PH54H. Within the plant breeding arts breeders use 
pedigree as a means to characterize lines in reference to their progenitors. To those of 
ordinary skill in the art, this indicates that a fine fewer crosses away from a starting line 
will be, as a whole, more highly related to the starting line. Thus, the work of the original 
breeder in developing the starting line will be retained in the closely related progeny. 
More specifically, traits and linkage groups present in PH54H will be retained in progeny 
that are within 2 outcrosses from PH54H. Applicant submits that characterization of the 
progeny of PH54H by virtue of their filial relationship is clearly within reason. Not only 
are filial descriptions used by breeders to evaluate materials for use in their breeding 
programs, but it is standard practice within the plant breeding industry for licensor's of 
inbred maize lines to retain a royalty from lines developed through the use of their 
inbreds Those royalties are, in almost all cases, based on the filial relationship between 
the licensed inbred used in breeding and the progeny line commercialized- This 
provides evidence that those of ordinary skill in the art of plant breeding describe 
progeny in terms of pedigree. 

Applicant also notes that the mere fact that the progeny have not been created 
does not prevent them from being patented. As stated in MPEP 2163 (3) (a), "An 
invention may be complete and ready for patenting before it has actually been reduced 
to practice." As stated in the written description guidelines "an applicant shows 
possession of the claimed invention by describing the claimed invention with all its 
limitations using such descriptive means as words, structures, figures, diagrams, and 
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formulas that fully set forth the claimed invention. Possession may be shown in a variety 
of ways, in eluding... by describing distinguishing identifying characteristics sufficient to 
show that the applicant was in possession of the claimed invention." 1255 Official 
Gazette 140 (Feb, 5, 2002). Pedigree, which is a formula used by plant breeders, is a 
distinguishing identifying characteristic in compliance with the written description 
guidelines. Further, the Examiner must evaluate written description by the claimed 
invention with all of its limitations, including the limitation of being derived from PH54H. 

PH54H-derived progeny are described by the fact that PH54H is utilized in a 
breeding program to make the PH54H-derived progeny, PH54H gives genetic 
contribution to the PH54H-derrved progeny, and the genetics of PH54H are described 
by ATCG deposit of PH54H seed. By limiting the progeny to 2 or less crosses away 
from PH54H, the Examiner's concern that the progeny may be only distantly related to 
PH54H is addressed. In Enzo vs. Gen-Probe, U.S. State Court of Appeals for the 
Federal Circuit, 63 USPQ 2d 1609, the court reversed its prior decision regarding the 
insufficiency of the deposited genetic probes to meet the written description requirement, 
fn so holding, the court stated, u As the deposited sequences are about 850, 8500, and 

1300 nucleotides long there are at least hundreds of subsequences of the deposited 

sequences, an unknown number of which might also meet the claimed hybridization 
ratio. Moreover, Enzo's expert, Dr. Wetmur, stated that 'astronomical' numbers of 
mutated variations of the deposited sequence also fall within the scope of those claims, 
and that such broad claim scope is necessary to adequately protect Enzo's invention 
from copyists who could otherwise make minor change to the sequence and thereby 
avoid infringement while still exploiting the benefits of Enzo's invention. The defendants 
assert that such breadth is fatal to the adequacy of the written description. On the other 
hand, because the deposited sequences are described by virtue of a reference to their 
having been deposited, it may well be that various subsequences, mutations, and 
mixtures of those sequences are also described to one of skill in the art. We regard that 
question as an issue of fact...." 

The issue of whether the progeny as now claimed satisfies the written description 
requirement is also an issue of fact. One of ordinary skill in the art would know if PH54H 
were utilized in a breeding program by looking at the breeding records and therefore 
would know if a progeny were derived from PH54H. PH54H is a unique inbred, as 
evidenced by the morphological and physiological traits given in Table 1, pages 17-19. 
of the application. Routinely used molecular techniques, discussed on page 15, lines 1- 
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16 of the application, can be used to verify whether PH54H is within the pedigree of a 
line. 

Applicant would also like to emphasize that PH54H cannot be derived through 
any other means then through PH54H seed and plant, nor can the influence of PH54H 
on the progeny be removed from a line within 2 outcrosses of PH54H. This fact also 
highlights the different perspective between the Examiner and the Applicant regarding 
the scope of the claims. The Examiner believes the claims to progeny to be of great 
breadth. However, to view these claims as being of great breadth merely because a 
large number of plants could theoretically fall within its scope ignores an essential 
limitation of the claim; that only a plant developed through the use of PH54H is within the 
scope of the claim. Such a plant could not be independently derived without the use of 
PH54H, so the claim would not in any way restrict the work of a breeder that did not in 
fact use PH54H. A breeder infringing such a claim must have made a conscious choice 
to use PH54H in order to obtain some or all of PH54H's desired characteristics. 
Compliance with the written description requirement is essentially a fact based inquiry 
that will "necessarily vary depending on the nature of the invention claimed." Vas-Cath 
v. Mahurkar, 935 F. 2d 1555 (citing In re DiLeone. 436 F2d. 1404, 1405). Thus, the 
compliance with the written description requirement must be judged in view of this 
limited scope of the progeny claims. As amended, the claims are drawn to only a limited 
scope of progeny, progeny which but for Applicant's creation of PH54H could never have 
existed. This is in harmony with the statement in section 2163 of the MPEP that "the 
written description requirement promotes the progress of the useful arts by ensuring 
inventions are adequately described in the specification in exchange for the right to 
exclude." That quid pro quo of patent law has been met by the Applicant in the present 
case, and to use written description to deny adequate patent protection would be 
contrary to the stated purpose of the written description requirement. 

The Examiner goes on to reject claims to PH54H plants further containing 
transgenes and single gene conversions under 35 U.S.C.112, first paragraph. Applicant 
notes that examples of traits and single gene conversions are given in the specification, 
page 22, lines 20 through page 32 line 4, Even if more than one trait is affected by the 
transgene. the genetics of PH54H will be only minimally affected. The Examiner must 
consider all limitations of the claimed invention. While the Examiner is focusing on traits, 
the Applicant points out that they are not claiming so broadly as to claim any maize 
plant, regardless of source, comprising those traits. Applicant is claiming PH54H, or a 
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limited set of plants derived therefrom, that retain significant features of PH54H 
Applicant has made an enabling deposit of PH54H with the ATCC, and Applicant is 
seeking a fair scope of protection as the quid pro quo for the teaching in the specification 
and the deposit of the material. The insertion of one or a few genes into a genome that 
is estimated to have over 50,000 to 80,000 genes (Xiaowu, Gai et af., Nucleic Acids 
Research, 2000. Vol. 28, No. 1, 94-96) is a minor change to PH54H and will not prevent 
one of skill in the art from identifying the plant as PH54H. In addition, to expedite 
prosecution. Applicant has amended claims 11 and 30. Claim 11 now reads, "The maize 
plant, or parts thereof, of claim 2, wherein the plant or parts thereof have been 
transformed so that its genetic material contains one or more transgenes that confer a 
qualitative trafr Qualitative traits, as described in an introductory plant breeding book, 
are traits that "have phenotypes that can be divided into discrete classes... They are 
controlled by one or a few major genes whose expression is not influenced markedly by 
the environment" (Fehr, W., Principles of C ultivar DevelnnmRnt vol.1, 1987, page 26). 
Claim 30 now reads, "The maize plant, or parts thereof, of claim 21, wherein the plant or 
parts thereof, contains one or more transgenes and wherein the morphology and 
physiofogy of the maize plant comprising the transgene is substantially the same as the 
inbred maize line PH54H." The Examiner has suggested that claims 11 and 30 be 
amended to list the types of transgenes contemplated in the specification, for example 
disease or pest resistance genes, provided the prior art teaches those isolated genes. 
The Applicant believes that an amendment as suggested by the Examiner is limiting the 
scope to which the Applicant is entitled. Examples of specific transgenes are given in 
the specification and one of ordinary skill in the art would be able to determine additional 
transgenes that may be used. The Examiner states that. "Transgenes may also be of 
any gene, including those that effect more than one trait. Such plants would express 
different morphological and physiological traits from PH54H, which are not described." 
Applicant points out that the molecular profile of such a plant would be substantially 
unchanged and therefore one would be able to identify such a plant. Applicant amends 
with traverse in order to expedite allowance. 

The Examiner rejects claims 12, 13, 31, and 32. Claims 12 and 31 are drawn to 
the method of crossing a PH54H plant containing a transgene with another plant. 
Claims 13 and 32 are to the plant made from the method. The claims have been 
amended for clarification purposes. Applicant points out that the methods are fully 
described. Furthermore, one of ordinary skill in the art would know if they were using or 
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one could easily identify if they were using PH54H or PH54H further containing a 
transgene to develop a hybrid. All F1 plants would comprise essentially the same 
genetic markers as the deposited PH54H. It is well known to anyone skilled in the art 
that a hybrid has a genome with one set of the alleles from each inbred. Therefore the 
genetic profile exhibited in the deposit would be exhibited in the hybrid. The plant of 
claim 13 would have the genetic profile of PH54H except at the site of integration of the 
transgene. The change of one to a few genes out of an estimated 50,000 to 80,000 
genes is a minor change and will not prevent one of ordinary skill in the art from 
identifying the plant as PH54H. One of ordinary skill in the art would also know how to 
cross PH54H containing a transgene with another plant to produce a hybrid. Thus, the 
Applicant has described the invention with sufficient specificity to enable others to make 
and use the invention. In light of the arguments and amendments, the Applicant 
requests that the Examiner withdraw his rejection to claims 12, 13, 31, and 32. 

The Examiner also rejects claims 37-39 under 35 USC § 112, first paragraph, as 
containing subject matter which was not described in the specification in such a way as 
to reasonably convey to one skilled in the relevant art that the inventor, at the time of the 
application was filed, had possession of the claimed invention. Claims 37-39 are clearly 
directed to growing out an F(1) hybrid in which PH54H is a parent and searching for 
PH54H inbred seed. Due to the imperfect process of seed production parent seed can 
sometimes be contained in the hybrid seed bag. The claims merely claim the method of 
searching for inbred PH54H seed within a bag of hybrid seed. The method is also 
clearly described in the specification on page 5, line 21 through line 7 on page 6. The 
Applicant requests that the Examiner withdraw his rejection to claims 37-39, 

Lastly, The Examiner has rejected certain method claims under written 
description. Applicant points out that the methods are fully described, as is the starting 
material in the method, PH54K One of ordinary skill in the art would know how to cross 
PH54H to develop an F1 hybrid and also how to self plants derived from crosses with 
PH54H for the purpose of developing an inbred plant. In £x parte Porks, 30 USPQ 2d 
1234 (B.P.A.I. 1994), the Board of Appeals stated, "Adequate description under the first 
paragraph of 35 U.S.C. 112 does not require literal support for the claimed invention. 
Rather, it is sufficient if the originally-filed disclosure would have conveyed to one having 
ordinary skill in the art that an appellant had possession of the concept of what is 
claimed." Emphasis added. In J.E.M. Ag. Supply, the Supreme Court also 
acknowledged the value of a newly developed line in further breeding, when it stated 
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that, V.a breeder can use a plant that is protected by PVP certificate to 'develop' a new 
inbred line while he cannot use a plant patented under §101 for such a purpose." Id. at 
1873. In light of the amendments to the claims and the foregoing arguments the 
Applicant requests reconsideration of the rejection under the first paragraph of 35 U.S.C. 
112. 



11. The Examiner rejects claims 18-20 and 47-49 under 35 U.S.C. 112, first 
paragraph, as containing subject matter which was not described in the specification in 
such a way as to enable one skilled in the art to which it pertains, or with which it is most 
nearly connected, to make and/or use the invention. Applicant traverses the rejection. 

The Examiner rejects claims 18-20 and 47-49 that are directed to PH54H inbred 
maize plant further comprising one or more single gene conversions. Claims 18 and 47 
are directed to PH54H that contains a gene that has been transferred to PH54H through 
traditional breeding methods. The claims have been amended to expedite prosecution. 
Claim 18 now reads, "The maize plant, or parts thereof, of claim 2, further comprising 
one or more genes that confer a qualitative trait and have been transferred into said 
maize plant through breeding methods that utilize PH54H as a recurrent parent ." Claim 
47 now reads, "The maize plant, or parts thereof, of claim 2, further comprising one or 
more genes that have been transferred into said maize plant by utilizing PH54H as a 
recurrent parent and wherein the maize plant, or parts thereof, are essentially 
unchanged from inbred maize line PH54H. B Once again the Applicant would like to point 
out that one of ordinary skill in the art would be able to detect a PH54H maize plant that 
contains genes that have been inserted through crossing. The genetics would be 
substantially the same as PH54H as would the morphological and physiological traits of 
PH54H. The specification states, "A further embodiment of the invention is a single 
gene conversion or introgression of the maize plant disclosed herein in which the gene 
or genes of interest (encoding the desired trait) are introduced through traditional (non- 
transformation) breeding techniques, such as backcrossing (Hallauer era/, 1988)." 

The Examiner has cited articles and states that they "teach that it is 
unpredictable whether the gene or genes responsible for conferring a phenotype in one 
plant genotypic background may be introgressed into the genetic background of a 
different plant, to confer a desired phenotype in said different plant." The Examiner 
states that, "Hunsperger et al, teach that the introgession of a gene in one genetic 
background on any plant of the same species, as performed by sexual hybridization, is 
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unpredictable in producing a single gene conversion plant with a desired trait (column 3, 
lines 26-46). " This is not what is taught by Hunsperger et al. Hunsperger et al. teaches 
that a gene that results in dwarfism of a petunia plant can be incorporated into other 
genetic backgrounds of the petunia species (See column 2, line 67 to column 3, lines 1- 
4). Hunsperger et al. merely discusses that the level of the expression of that gene 
differed in petunia plants of different genetic backgrounds. Hunsperger et al. succeeded 
in incorporating the gene into petunia plants of different genetic backgrounds. Therefore 
Hunsperger et aJ. demonstrate that one of ordinary skill in the art can use traditional 
breeding methods to obtain maize plants containing genes that confer a qualitative trait. 
The specification provides ample disclosure of starting materials such as maize inbred 
PH54H, a discussion of traditional breeding methods that may be used, and examples of 
transgenes and naturally occurring genes. Please note in Hallauer et al. (1988) on page 
472, submitted in the information disclosure statement, it states that, "For single gene 
traits that are relatively easy to classify, the backcross method is effective and relatively 
easy to manage." 

The Examiner goes on to state that, "Kraft et al. teach that linkage disequilibrium 
effects and linkage drag prevent the making of plants comprising a single gene 
conversion, and that such effects are unpredictably genotypic specific and loci- 
dependent in nature (page 323, column 1, lines 7-15)." Applicant disagrees that the 
article states such points. Applicant assumes that the Examiner is trying to point out that 
one gene cannot be introduced into a plant using traditional breeding techniques such as 
backcrossing without also introducing closely linked genes into the plant. It is well 
understood in the relevant art that DNA surrounding the gene of the desired trait is 
introduced into the plant when traditional breeding techniques are utilized to insert a 
gene into a plant of interest, It is also understood in the art that introducing a gene into a 
plant variety such as PH54H is an insubstantial change to the variety. The World Seed 
Organization, on it's web site, writes, "The concept of an essentially derived variety was 
introduced into the 1991 Act of the UPOV Convention in order to avoid plagiarism 
through mutation, multiple back-crossing and to fill the gap between Plant Breeder's 
Rights and patents." As determined by the UPOV Convention, essentially derived 
varieties may be obtained for example by the selection of a natural or induced mutant, or 
of a somaclonal variant, the selection of a variant individual from plants of the initial 
variety, backcrossing . or transformation by genetic engineering. The commercialization 
of an essentially derived variety needs the authorization of the owner on the rights 
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vested in th initial variety. " international Convention for the Protection of New Varieties 
of Plants, as amend d on March 19, 1991, Chapter V, Article 14, Section 5(c), 
(emphasis added). A copy of the relevant portion of the UPOV Convention and the 
World Seed Organization web site is attached as Appendix C . 

An example of how one of ordinary skill in the art can transfer a gene conferring 
a qualitative trait into a variety through backcrossing is demonstrated by the fact that the 
commercial market now distributes a multitude of products produced in this manner. 
Such conversion lines are easily developed without undue experimentation. Poehlman 
et al. (1995) on page 334, submitted in the information disclosure statement, states that, 
"A backcross-derived inbred line fits into the same hybrid combination as the recurrent 
parent inbred line and contributes the effect of the additional gene added through the 
backcross." 

The Examiner goes on to state that, "Eshed et al. teach that in plants, epistatic 
genetic interactions from the various genetic components comprising contributions from 
different genomes may effect quantitative traits in genetically complex and less than 
additive fashion (page 1815, column 1, line 1 to page 1816, column 1, line 1). The 
Applicant would like to first point out on page 1816, column 1, lines 1-5 of the Eshed et 
al. article ft states. "Recent studies that detected epistasis of selected QTL in Drosophila 
(Long et al, 1995), soybean (Lark et al.1995) and maize (Doebley et aU995; Cockerham 
and Zeng 1996) did not show a less-than-additive trend." Emphasis added. Applicant 
also adds that transferring a qualitative trait does not require undue experimentation. 
Please note Hallauer et al. (1988) on page 472, submitted in the information disclosure 
statement, which states, Tor single gene traits that are relatively easy to classify, the 
backcross method is effective and relatively easy to manage." As stated previously 
claims 18 and 47 have been amended to expedite prosecution. In claim 18, the genes 
transferred into PH54H are now limited to qualitative traits. Claim 47 is now limited to 
plants that are essentially unchanged from PH54H. Given the arguments and the 
amendments the Applicant requests reexamination and reconsideration of the claims. 

As noted in the specification, the development of an inbred line is a time 
consuming and labor intensive activity. On average, between 10,000 to 20,000 lines are 
created and screened in order to develop any maize inbred line for which the Applicant 
files a patent application. Once developed, the inbred line is useful for two purposes: (1) 
to make commercial hybrids, and (2) as a source of breeding material for the 
development of new inbreds that retain the original inbred's desired characteristics. A 
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breeder desiring to make a line with similar traits to PH54H would be greatly advantaged 
by being able to use PH54H as starting material. This is because the linked genes 
arranged through Applicant's breeding efforts, and fixed in PH54H, can be maintained in 
the progeny of PH54H by a breeder of ordinary skill in the art. For example, if a breeder 
of ordinary skill in the art desired a waxy-kernel corn version of PH54H, the breeder 
could cross PH54H to a waxy-kernel corn variety, select for progeny with the desirable 
traits of PH54H that also express the waxy kernel trait, and continue selecting for the 
traits of PH54H combined with waxy kernels. Optionally, the breeder could backcross to 
PH54H to obtain further genetic contribution from PH54H. The end result is the 
development of an inbred line with substantially all of the benefit of Applicant's work but 
with only a fraction of the effort. 

Claim Rejections under 35 U.S.C. § 102 and 103 

12. Examiner states that, "Claims 14, 17, 33, 36, 41, 43, 45, and 46 remain rejected 
under 35 U.S.C. 102(e) as anticipated by or in the alternative, under 35 U.S.C. 103(a) as 
obvious over Carrjgan (U.S. Patent No. 5,936,148). H Applicant traverses the rejection 

Applicant has cancelled claims 45 and 46. Applicant has amended claims 14, 
17, 33, 36, 40, 41, 42, and 43. Claims 36 and 41 are now one cross away from PH54H. 
Claim 41 clearly states that PH54H must be used to obtain a PH54H-progeny maize 
plant. Claim 42 has been amended so that it does not allow any further crosses away 
from PH54H. Thus cJaim 42 is the selfing of the plant derived by the one cross away 
from PH54H made in claim 40. Claim 43 has been amended for clarification purposes. 
These PH54H-progeny plants are limited to one cross away from PH54H and the 
progeny plants are limited by the use of PH54H in the initial cross. Applicant contends 
that progeny of PH54H could not be the same as PH1GC or the progeny of PH1GC 
because PH54H is not PH1GC. One would not be able to obtain plants within one cross 
of PH54H through modification of the maize inbred PH1GC taught in U.S. Patent No. 
5,929,313 because PH54H comprises a unique and nonobvious combination of 
genetics. As evidenced by past arguments and the declaration of Stephen Smith 
submitted as Appendix D . the claimed progeny plants of PH54H retain unique and 
nonobvious combinations of genetics derived from PH54H. Thus, they desen/e to be 
considered new compositions in their own right. 

In light of the above, Applicant respectfully requests that the Examiner reconsider 
and withdraw the rejection to claims 1^9 under 35 U.S.C. 102 (e) and 103(a). 
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CONCLUSION 



Attached hereto is a marked-up version of the changes made to the specification 
and claims by current amendment. The attached page is captioned " VERSION WITH 
MARKINGS TO SHOW CHANGES MADE *. 

Applicant submits that in light of the foregoing amendments and the remarks, 
claims 1-43 and 47-49 are in condition for allowance. Reconsideration and early notice 
of allowability is respectfully requested. If it is felt that it would aid in prosecution, the 
Examiner is invited to contact the undersigned at the number indicated to discuss any 
outstanding issues. 



Steven Callistein 

Pioneer Hi-Bred International 

7100 NW 62 nd Avenue 

P.O. box 1000 

Johnston, IA 50131-1000 

(515)-254-2823 



Respectfully submitted, 
Todd Elliot Piper 




Steven Callistein 
Reg. No- 43,525 
Attorney for Applicant 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 
IN THE CLAIMS 

Claims 44, 45, 46, 50, and 51 have been cancelled. 

Claims 3, 4, 11, 12, 13, 14, 17, 18, 19, 20, 22, 23, 30, 31, 32, 33, 36, 40, 41, 42. 
43, 47, 48, and 49 have been amended as follows: 

3. (Twice Amended) The maize plant of claim 2, wherein said plant has been 
[manipulated to be male sterile] detasseled . 

4. (Amended) A tissue culture of regenerate cells or protoplasts from the plant 
of claim 2. 

11. (Amended) The maize plant, or parts thereof, of claim 2, wherein the plant or 
parts thereof have been transformed so that its genetic material contains one or 
more transgenes [operably linked to one or more regulatory elements] that confer 
a Qualitative trait . 

12. (Amended) A method for producing a maize plant that contains in its genetic 
material one or more transgenes, comprising crossing the maize plant of claim 
1 1 with [either] a second plant [of another maize line, or a non-transformed maize 
plant of the line PH54H, so that the genetic material of the progeny that result 
from the cross contains the transgene(s) operably finked to a regulatory element]. 

13. (Amended) [Maize plants] The maize plant or parts thereof, produced by the 
method of claim 12. 

14. (Twice Amended) A maize plant, or parts thereof, wherein at least one 
anc stor of said maize plant is the maize plant of claim 2, said maize plant 
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expressing a combination of at least two traits which are not significantly different 
from PH54H when determined at a 5% significance level and when grown in the 
same environmental conditions, said traits selected from the group consisting of: 
a maturity of 95 based on the Comparative Relative Maturity Rating System for 
harvest moisture of grain, resistance to root lodging, pollen shed, yield, grain dry 
down, brittle stalk resistance, and plant height[, and adaptability to the 
Northcentral region of the United States]. 

17. (Amended) [A] The PH54H-progenv maize plant, or parts thereof, produced 
by the method of claim 1 5 , wherein the method comprises 2 or less crosses to a 
plant other than PH54H or a plant that has PH54H as a parent . 

18. (Amended) The maize [plants] plant , or parts thereof, of claim 2, further 
comprising one or more (single gene conversions] genes that confer a Qualitative 
trait and have been transferred Into said maize plant through breeding methods 
that utilize PH54H as a recurrent parent . 

19. (Amended) The [single gene conversfon(s)] maize plant of claim 18, wherein 
at least one of the [gene] genes is a dominant allele. 

20. (Amended) The [single gene conversion (s)] maize plant of claim 18, wherein 
at least one of the [gene] genes is a recessive allele. 

22. (Twice Amended) The maize plant of claim [21] 2 t wherein [said plant has 
been manipulated to be male sterilel genes controlling male sterility have been 
transferred into said maize plant through crossing that utilizes PH54H as a 
recurrent parent and wherein said plant has essentially the same morphology 
and physiology of inbred line PH54H other than the trait of male sterility . 

23. (Amended) A tissue culture of regenerate cells or protoplasts from the plant 
of claim 21. 
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30. (Amended) The maize plant, or parts thereof, of claim 21, wherein the plant 
or parts thereof [have been transformed so that its genetic material] contains 
one or more transgenes [operably linked to one or more regulatory elements] and 
wherein the morphology and physiology of the maize plant comprising the 
transaene i s substantially the same as'the inbred mai2e line PH54H . 

31. (Amended) A method for producing a first generation (F1) maize plant that 
contains in its genetic material one or more transgenes, comprising crossing the 
maize plant of claim 30 with [either] a second plant [of another maize line, or a 
non-transformed maize plant of the line PH54H. so that the genetic material of 
the progeny that result from the cross; contains the transgene(s) operably linked 
to a regulatory element]. 

32. (Amended) [Maize plants] The first generation (F1) maize plant or parts 
thereof, produced by the method of claim 31 . 

33. (Twice Amended) A PH54H-proqenv maize plant, or parts thereof, wherein at 
least one ancestor of said maize plant is the maize plant of claim [21] 2, said 
maize plant [expressing a combination of at least two traits which are not 
significantly different from PH54H when determined at a 5% significance level 
and when grown in the same environmental conditions, said traits selected from 
the group consisting of: a maturity of 95 based on the Comparative Relative 
Maturity Rating System for harvest moisture of grain, resistance to root lodging, 
pollen shed, yield, grain dry down, brittle stalk resistance, plant height, and 
adaptability to the Northcentral region of the United States] and wherein the 
pedigree of said PH54H-proqeny maize plant is within 2 or less crosses to a plant 
other than PH54H or a plant that has PH54H as a parent . 
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36. (Amended) A PH54H-proaeny maize plant, or parts thereof, produced by the 
method of claim 34 and wherein the method comprises no more than 1 cross to a 
plant other than PH54H or a plant that has PH54H as a parent . 

40. (Twice Amended) A method for producing a first generation (Flj PH54H- 
[derived] progeny maize plant, comprising: 

(a) crossing inbred maize line PH54H, representative seed of said 
line having been deposited under ATCC Accession No. PTA-4259, 
with a second maize plant to yield progeny maize seed; 

(b) growing said progeny maize seed, under plant growth 
conditions, to yield said first generation (F1) PH54H-[derived] 
progeny maize plant. 

41. (Thrice Amended) [A] The first generation (F1) PH54H-[derived] progeny 
maize plant, or parts thereof, produced by the method of claim 40, 

42. (Twice Amended) [The] A method for producing a PH54H progeny inbred 
maize plant, comprising generating the first generation (F1) PH54H-prooenv 
maize plant by the method of claim 40 [,] and further comprising: 

[(c) crossing said PH54H-derived maize plant with 

itself or another maize plant to yield additional PH54H-derived 
progeny maize seed; 

(d) growing said progeny maize seed of step (c) under plant growth 
conditions, to yield additional PH54H-derived maize plants; 

(e) repeating the crossing and growing steps of (c) and (d) from 1 
to 4 times to generate further PH54H-derived maize plants] 
selfing said first generation (F1) PH54H-prooenv maize plant for 
successive filial generations to generate a PH54H inbred 
progeny maize plant . 

i' 

; 24 

Received from < 515 334 6883 > at 213/03 4:08:37 PM [Eastern Standard Time] | 



02/03/03 MON 16:06 FAX 515 334 6883 



PIONEER HI -BRED DSM 



©030 



09/491,596 



43. (Twice Amended) The [further PH54H-derived] PH54H Progeny inbred 
maize plant, or parts thereof, produced by the method of claim 42. 



47. (Amended) The maize [plants] plant , or parts thereof, of claim 21, further 
comprising one or more [single gene conversions] genes that have been 
transferred into said maize plan t by 'utilizing PH54H as a recurrent parent and 
wherein the maize plant, or parts t hereof, are essentially unchanged from inbred 



maize line PH54H. 



48. (Amended) The [single gene conv|ersion(s)] maize plant of claim 47, wherein 
at least one of the [gene] genes is a dominant allele. 



49. (Amended) The [single gene conyersion(s)] maize plant of claim 47, wherein 

;li 

at least one of the [gene] genes is a recessive allele. 
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ABSTRACT 

Determination of parentage is fundamental to the study of biology and to applications such as the 
identification of pedigrees. Limitations tostudicsof parentage have stemmed from the use of an insufficient 
number of hypervariabJe loci and mismatches of alleles that can be caused by mutation or by laboratory 
error and chat tan generate false exclusions. Furthermore, most studies of parentage have been limited 
to comparisons of small numbers of specific parent-progeny triplets thereby precluding large-scale surveys 
of candidates where there may be no prior knowledge of parentage. We present an algorithm thai can 
determine probability of parentag-e in circumstances where there Is no prior knowledge of prdigrre and 
that is robmt in the face of missing data or mistyped data. Wc present data from $4 maize hybrids and 
585 maize inbreds that were profiled using 195 SSR loci including simulations of additional levels of 
missing and mistyped daca to demonstrate the utility and flexibility of this algorithm. 



DETERMINATION of parentage is fundamental to 
the study of reproductive and behavioral biology. 
The increasing availability of highly discriminant ge- 
netic markers for many diverse species provides the 
potential to uniquely characterize individuals at numer- 
ous loci and to unambiguously resolve parentage where 
genealogical relationships are unknown, in error, or in 
dispute. 

Identification of parent-progeny relationships in wild 
populations of animals and plants provides insights into 
the success of various reproductive strategies (Ell- 
STRAND 1984; Smouse and MkaCkzk 1994; Aj_oilRSO\ 
et al. 1999) and has allowed for the implementation 
of management programs to conserve genetic diversity 
(Mtllkh 1975; Rannai.\ and Mountain 1997). The 
association of pedigree with physical appearance or per- 
formance in domesticated animals and plants allows 
parents that have contributed favorable allele* for desir- 
able traits through selective breeding programs to be 
identified (Bowers and Meredith 1997; Sefc et al 
1998; Vankan and Faodv 1999). These applications of 
associative genetics facilitate further progress in genetic 
improvement through breeding. Establishment of par- 
entage is also useful to secure legal rights of guardian- 
ship in humans, to help protect intellectual property in 
plant varieties, to validate breed pedigrees of domesti- 
cated animals, to protect stocks of fish, and to identify 
provenance of meat that is available in supermarkets 
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(Gotz and Thaller 1993: Primmer et al. 2000; Whits 
4t al. 2000). 

Most studies of pedigree have utilized exclusion analy- 
sis where the molecular marker genotypes of either one 
or a restricted number of potential triplets of offspring 
and putative parents are compared. Often the identity 
of the mother is not in question: the maternal profile 
is subtracted from that of the offspring and the deduced 
paternal profile is then compared with candidate father 
genotypes (EllSTrand 1984; Hamrtck and Schnabcl 
1985). Individuals who could not haw contributed the 
paternal genotype are excluded: the remainder are pos- 
sible parents. Nonpaternity in humans is generally de- 
clared only on the basis of exclusions exhibited by at 
least two unlinked and independent loci. This criterion 
of exclusion reduces the likelihood Of a false declaration 
of nonpaternity on the basis of marker results that are 
actually due to mutation within the phylogeny. Bein et 
aL (1993) show that evidence of nonpaternity should 
require exclusions at loci on different chromosomes to 
avoid erroneous conclusions that would be made due 
to nondisjunction at meiosis leading to uniparental in- 
heritance. A requirement for at least three independent 
exclusions to declare nonpaternity in humans has abo 
been instituted (Gunn et aL 1997). In studies of natural 
populations of animals or plants where numerous par- 
ent-progeny triplets are examined it is usual to accept 
a single exclusionary event as evidence of nonpaternity 
(Marshall et aL 1993). Paternity testing has been ex- 
tended to situations where DNA from either parent is 
unavailable. For example, paternity can strll be estab- 
lished in circumstances where the pi native father is de- 
ceased but his parents are still :ili\c (Hm.minkn' et al. 
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1991; Bockki. et al. l'.H> l 2>. Chakkahortv et fit (1994) 
demonstrate that pau-ruiry cwn be determined i »x ciMC* 
where the mother is unavailable for testing. Lang 
ai (1993) partially reconstructed the DNA profile of a 
missing crocodile parent using profiles of the mother 
and progeny. 

Ckakb-aborty it at < 19SS) and Smouse and Meagher 
(1994) report that reliance upon exclusion alone has 
usually failed to unambiguously resolve paternity. Limi- 
tations have stemmed from the use of an insufficient 
number of independent hypervariable loci. Other statis- 
tical methods are therefore required to calculate the 
likelihood of paternity for each nonexduded male 
(Berry and Ceisser 1986: Meach£r 1986; Meagher 
and Thompson 1986; Thompson and Meackea. 1987; 
Devlin etal. 1988; Berry 1991). Marshall etaL (1998) 
draw attention to the quality of data that is encountered 
practically in genotypic surveys. Maternal genetic data 
may or may not be available, data may be absent for 
some candidate males, data may be missing for some 
loci in some individuals, null alleles exist, and ryping 
errors occur. Reconstructing or validating the pedigrees 
of varieties of cultivated plants often provides additional 
challenges because their phylogenies can reveal appar- 
ent exclusions that masquerade as non-Mendelian in~ 
heritance. For example, apparent exclusions can occur 
in circumstances where an individual is used as a parent 
prior to completion of the inbreeding process. The de- 
velopment of parent and progeny then continue on 
parallel but separate tracks thereby allowing the possibil- 
ity thai alleles that are subsequently lost through in- 
breeding in the parent can still become fixed in the 
progeny. It is also possible to create many offspring from 
a single mating and to use the .same parent repeatedly 
in "backcrossing." Therefore, many individual inbred 
lines, varieties, or hybrids can be highly related. In con- 
sequence, there are numerous (and often very similar) 
pedigrees. The effective number of marker loci that can 
discriminate between alternate pedigrees is proportion- 
ally reduced as parents are increasingly related. Conse- 
quently, inbred lines can be more similar to one or 
more sister or other inbreds than those inbreds are to 
one or both of their parents. 

It has not been usual to search among hundreds of 
individuals to identify the most probable maternal and 
paternal candidates for a specific progeny. Most studies 
of parentage are in circumstances where there is a priori 
information for at least one of the parents (usually the 
maternal parent) . Limi ted avni labi I i tv of marker loci and 
the lack of very high-throughput genotyping systems 
offering inexpensive dacapoim costs may have focused 
research on studies thai involve relaihely few individual* 
and where there is at lea.se some a priori indication of 
parentage, Studies that have been conducted without a 
jniori information on parentage include species where 
reproductive behavior renders identification of the ma- 
ternal parent difficult or impnsMhie. Examples include 
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those undertaken on birds that practice brood parasit- 
ism (Ai.der.son et al 1999) o> cstra-pair copulation 
(Weti'On tt aL 1992) or on species such as the wombat 
thai are difficult to observe in the wild (Taylor et at. 
1997) 

Two circumstances favor a revised approach to the 
statistical analysis of pedigree. First, molecular marker 
technologies are rapidly developing and will allow nu- 
merous loci to be typed for thousands of individuals 
rapidly and inexpensively. A greater number and diver- 
sity of larger-scale studies of pedigree can be expected 
within the plant and animal kingdoms including individ- 
uals in which there is no prior knowledge of pedigree. 
A larger number of markers mean a greater chance 
for errors. Therefore, the second circumstance follows: 
Procedures that are efficient and robust in the face of 
apparent exclusions, missing data, and laboratory error 
are required. 

The purpose of this article is to describe and evaluate 
a methodology that can be used to quantify the probabil- 
ity of parentage of hybrid genotype*. We focus on par- 
entage because it is the primary focus of published litera- 
ture and it is the easiest level of ancestry to understand. 
The method is robust in the face of mutation, pseudo- 
non-Mendelian inheritance (apparent exclusions) due 
to residual heterozygosity in parental seed sources, miss- 
ing data, and laboratory error. The methodology has a 
number of advantages; (i) It can accommodate large 
datasets of possible ancestors (hundreds of inbreds or 
hybrids each profiled by >100 marker loci), (ii) it does 
not require prior knowledge about either parent of the 
hybrid of interest, (iii) it does not require independence 
of the markers, and (iv) it can successfully discriminate 
between many highly related and genetically similar ge- 
notypes. We demonstrate the effectiveness of this ap- 
proach to identify' inbred parents of maize (Zta mays 
L.) hybrids using simple sequence repeat (SSR) marker 
profiles for 54 maize hybrids together with their parental 
and grandparental genotypes included among a total 
of 586 inbred lines. The methodology is applicable to 
the investigation of parentage for all progeny developed 
from parental mating without subsequent generations 
of inbreeding. 

MATERIALS AND METHODS 

Algorithm! Consider an index hybrid whose parentage is 
unknown or in dispute. Inbreds in an available database are 
possible ancestors of the hybrid. The objective is to find the 
probabilities of closest ancestry for each inbred on the basis 
of iiiform.inon From SSRs from the index hybrid and the 
inbreds. There is no reason to trim the database by removing 
inbreds thought to be unrelated tn the index hybrid because 
their lack of relationship will be disCOvcrtd, 

C 4 insider n pair of possible ancesiur*. inbred / and inbred 
j There is nothing special about :hi> pai:kwl;n p^ir as all 
pairs will be treated iimilarly. Thr proress involves calculating 
the probability thnc inbred* rand /are in thi- hybrid's ancestry, 
repe'iiiing this far nil pairs of inhrcds in rhc database. 
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The biisii o( the al^uiidim is Raves" rule (*y, Butav IWI. 
Lei Pi i, ylSSRiJ stand for the (posterior) prohithiliw 
that /ami jf'nre j "Colors r»f die index hybrid given the informa- 
tion From (he various SSR*. Let P(i, J) stand for the uncondi- 
tional (ov priori prohabilit\ of the same event. Finally. 
P(5SRsli. j) is the probability of obseAing the various SSR 
results if in fact / and j are ancestors. Bayes' rule says 

P{i. >ISSRs) = A>(SSRsUy) x /*((, ;),'S[*(SSftslu, f) X vl], 

where the sum in the denominator is over all pairs of inbred*, 
indexed by u. and v. ^SSRsli, x />((, j) is one of the tenm 
In the denominator. (To compute the denominator in the 
above expression, fix a particular order to the inbred* in the 
datable and tike u <■ v 'u\ expressions involving the pair (u, 
v), IF there are 586 inbred*, for example, then the number 
of pairs and the number of terms in the denominator is 
5S6(587)/2 = 171,991.) Inbreds i and j may be parents or 
grandparent! or other types of relations or bear no relation- 
ship at all to the hybrid. If there arc more than two ancestors 
in the database, such as both parents and all four grandpar- 
ents, then the possible pairs involving these ancestors will 
generally have the highest posterior probabilities. If the hy- 
brid's true parent* are in the database, then as a pair they will 
cjpically have the highest overall posterior probability. If both 
i and j happen to be related to one particular parent of the 
hybrid, then as a pair their posterior probability will be low 
because they will not usual!) account for many of the alleles 
that arc contributed by the other parent oF the hybrid. 

We will make the "no-prior-information" assumption that 
P(u, v) is the same for all pairs (u. u). This implies that this 
factor is cancelled From both numerator and denominator in 
the above expression, giving: 

P[uj\SSBs) - ^SSRsl^yVX/tSSRslK, „), 

The problem is then to calculate a typical /"(SSRsI Assume 
inbreds i and j arc both ancestors. We calculate the probability 
of observing the resulting hybrid under this assumption. We 
make no assumptions about relationships among the various 
inbreds. Other possible ancestors will be considered impliddy 
in the calculation by allowing their alleles to be introduced 
through breeding* with / and j. However, the nature of such 
breedings is not specified. Suppose inbred ft alleles are (a, 
b). Each descendant of inbred *' receives one of these rwo 
alleles or not. An immediate descendant receives one with 
probability 1 (barring mutations). A second generation de- 
scendant rcccKes one of them with probability 0.5. And so 
on. Since degree of ancestry (if any) is unknown, we label the 
actual probability of passing on one of these alleles to be P. 
Similarly, an allele from inbred j has been passed down to the 
hybrid or not, and the probability of the former is P. In the 
following, Pwill be taken to equal 0.50. although we will also 
consider P = 0.99 in some of the calculations. 

Assuming P~ 0.50 is consistent with the closest ancestors 
in the database being grandpa rents. However, we are not 
interested In grandparents ptr v. If the closest ancestors in 
the database were parents, then as indicated above P should 
equal 1 (ignoring mutations and laboratory errors). Our pri- 
mary concern is when the parents are not in the database. In 
this case Pis no greater than 0.30. .Assuming P = 0 50 is robust 
over (he middle range of possible values of P. One way in 
which it is robust is if there may be mutations and laboratory 
errors, in which case P would have to be <\. Taking P to 
equal 0.50 levies little penalty against a particular paii in which 
there is an apparent exclusion fmm direct parentage. There- 
fore taking Pto be <l means; that if the true parent* arc In 
the database then the> will not be ruled out if there happen 
to be mutations and labors tory errors. And if the closest a i ires- 
tort in the database arc more remote than grandparent*, they 
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are likely to be identified becausr tliey will usuaih have the 
feweu mismatches of the lines cmidt-red. 

When i and j are ancestors ihere arc f'uui' possibilities; {1} 
The alleles of both inbred* / and / were passed to the hybrid, 
(2) inbred /' came through bui not inbred j, (3) inbred j 
came through but not inbred L and (4) neither inbred came 
through. Assuming independence, these have respective prob- 
abilities /*. p\l - P) t P(l - P), (J - h l . In the cmc P - 
0.50, all of these probabilities equal 0.25. 

An instance of the law of total probability (Sec. 5.3. Bkrry 
1996) is that the probability of observing a hybrid's alleles is 
the average of the conditional probability of this event given 
the above four cases. The simplest of the four cases Is the 
first possibility: Assuming the hybrid's alleles are passed down 
directly from both inbreds, the probability of observing the 
hybrid's genorype Is either 1 or 0 depending on whether the 
hybrid shares both inbreds' alleles. (It is especially easy when 
both inbreds arc homoiygous.) The other three cases require 
an assumption regarding the possibility that an inbred's allele 
is not passed to the hybrid but is interrupted by a mutation, 
a laboratory* error, or intervening breeding. We regard such 
an allele as being selected from all known alleles with probabil- 
ity I /(number of alleles), where the number of alleles is the 
tot?! number of alleles known to exist at the locus in question, 
An alternative approach would be to use the allelic propor- 
tions that are present in the database (or in another database). 
However, the lines in the database may not be randomly se- 
lected from any population. For example, a line that has been 
highly used in breeding would have many derivative lines in 
the database, in which case the frequencies of its alleles will 
be artificially inflated. Assuming equal probabilities for the 
various alleles at a given locus is robust in the sense that it is 
not affected by adding and dropping lines from the database. 

There are man)' cases to consider when computing the 
probability of observing a hybrid's alleles, depending on the 
zygosity of the hybrid and the inbreds. and allowing for the 
possibility of missing alleles or "*extra alleles" in the assessment 
of the hybrid and inbred genotypes. These possibilities are 
too numerous to list. Instead we give three simple examples. 
All the examples have homozygous inbreds. the most common 
case. .And each of the three hybrids has two alleles, again the 
most common case. We suppose that the measured alleles for 
three SSRs and a particular trio of hybrid and ancestor inbreds 
are as we have indicated in Table 1. 

For SSR 1 there are three known alleles, one in addition 
to alleles a and b that are listed for the three lines (hybrid, 
inbred i, and inbred j) in Table 1. For SSR 2 and SSR 3 
there arc two known alleles in addition to those listed. The 
calculations in the right half of Table 1 will now be c,\p)*ined. 
Implicit in calculating P(SSRIi,y) is the assumption— required 
in both the rturtierator and denominator of Bayc*' rule— that 
inbreds iand j are ancestors of the hybrid. Consider SSR I. 
In case 1 above, both ancestors' alleles (as measured by the 
laboratory process) are assumed to pass to the index hybrid, 
and so in this case the hybrid is necessarily ab. The probability 
of observing the actual hybrid** genotype U 1 for case 1. as 
shown in Tabic \. In case 2, we assume that inbred /» allele 
passes to the hybrid but inbred /s does not. Indeed, the hybrid 
has an a allele. The probability of observing a b as the other 
allele is 1/ (number of alleles) 1/3. as shown in Tabic 1. 
Case S is similar. In case 4. neither ancestor allele is passed 
to the hybrid; the probability of observing the hybrid's geno- 
type (or any heterozygous genoc\pe) is 5(1/3) (1/3) = 2/9. 
Since P - 0.50, the overall {uncondirir'nal) probability in the 
rtghmiusi column (17/36) is the simple average of the four 
cases, as indicated in Table 1. 

For SSR t! and SSR 3 the calculations arc similar. For SSR 
2 there is some evidence against pair (/. j) being ancestors. 
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table i 

Probability of observing a hybrid's alleles using three sample SSRs and four possible combinations (cases) 
Of alleles passed, assuming that inbreds i and j are ancestors of the hybrid 



Nt>, of 
SSR alleles 


Hvbrid 


Inbred ; 


Inbred j 


Case 1 

i*j 


Probability of observing the 
hybrid's genotype 

Case 2 Case 3 Case 4 

j, not j not i, j nvt i, not j 


Overall 
probability 
HSSRW,;) 


1 3 


ab 


aa 


Bit 


1 


1/3 


1/3 


2/9 


17/36 


2 3 


bd 


bb 


Cc 


0 


1/5 


0 


2/25 


7/100 


3 6 


ab 


ec 


Dd 


0 


0 


0 


2/36 





SSR, umple sequence repeat marker profile. 



but it is not conclusive. For SSR 3 there is even lew evidence 
favohng pair (L j) . It would not take many SSRs with evidence 
similar to that for SSR 3 to essentially rule out this pair — 
provided that other pairs are not similarly inconsistent. 

To find the overall ^(SSRili, j), multiply the individual 
F\SSR\i,j) over the prions SSRs, There arc purely computa- 
tional issues to Address. Each f\$$&)i,j) is a number between 
0 and 1. When there are a great many SSRs. the product of 
these numbers will be vanishingly small. To lessen problems 
with computational underflow, for each SSR we multiply 
P(SSRlu, v ) b > lne same constant for each pair (u. v): the 
inverse of the largest possible such probability. For example, 
since 17/36 U the largest probability for a heterozygous hybrid 
at an SSR having three alkies (as is the case for SSR 1 in 
Table 1), we multiply all factors P(SSR/lu, v) by 56/17. To 
eliminate remaining problems with underflow, we do calcula- 
tions using logarithms (adding instead of multiplying) nnd 
take antilogs at the end. 

The probability P(SSRIu, u) is calculated for all (u, v) pairs 
and summed over all possible pairings in the database, includ- 
ing that for the inbred pair under consideration: This 
gives the denominator in the expression for P(i, jlSSRs). 

To determine the probability thai any particular inbred, say 
inbred t, is the closest ancestor of ihe index hybrid, sum 
rtSSRIi. t/) over all inbrecb t-with v «/ i. Call this' /til SSRs). 
The maximum of /V'SSRs) for any inbred i is 1. But *ince 
there is one closest ancestor on each side of the family, the 
sum of P(ilSSRs) over all inbrecb i is 2. If there is a particular 
pair (i,;) for which ^VJtSSRs) iselo*e to 1 then both ^(ilSSRs) 
and /'(jflSSRs) separately mil be close to 1. 

SSR data; DNA was extracted from 54 maize hybrids and 
from 586 maize inbreds. All of the hybrids and most inbreds 
are proprietary products of Pioneer Hi-Bred International, 
some important publicly bred inbred lines were also includcd- 
The inbred parents and grandparents of each hybrid were 
included within the set of inbreds. Other inbreds that were 
genoryped include many that are highly rclaced by pedigree 
to parents and grandparents of the hybrids. The hybrids were 
chosen because each has a pedigree that is known to us and 
collectively they represent a broad array of diversity of imiixe 
germplasm that is currently grown in the United States ranging 
from early to late maturity. 

A total of 195 SSR loci were used in this study Following 
procedures desrrihrrl in Smith *■( <iL (1997). but modified as 
described below, SSR loci were chosen on the basis thai they 
individually ha^r been shown to have a high po^er ol'discrimi- 
nation among uya\U inbred lines and collectively they provide 
for a sampling of diversity for each chroino^nnie ann. Of these 
SSRloci. the following nuinhcrs (in parentheses) v%ere local «'d 
on individual m.ibt* linoniosomes as follow: 1 (35). - (U'i)- 
3 (22). 4 (20). ? (Hit. r> i«i>. 7 (6). S llb'V 9 U2). ,mcl 10 



( 14); 17 SSR loci have not yet been mapped- The correlations 
among the loci are unknown and are irrelevant for our meth- 
odology. 

Sequence data for primers that allow many of these (and 
other) SSR loci to be assayed are available at website hup:// 
www. ngron.missouri.edu. All primers were designed to anneal 
and amplify under a single *ct of conditions for PCR in 10-ul 
reactions. Genomic DNA (10 ng) was amplified in 1.5 mvt 
MgCl : , 50 mM KC1, 10 mu Tris-Cl (pH S.3) using 0.3 units 
AmpliTaq Gold DNA polymerase (PE Corporation) oligonu- 
cleotide primer pairs (one primer of each pair was fluores- 
centlv labeled) at 0.1" u,m and 0.2 mM dNTPs. This mixture 
was incubated at 95" for 10 min (hot start); amplified using 
45 cycles of denatu ration at 95* for 50 sec, annealing at 60* 
for 50 sec. extension at 72* for 85 sec; and then terminated 
at 72" for 10 min. A water bath thermocyclcr manufactured 
at Pioneer Hi-Bred International was used For PCR reactions. 
PCR products were prepared for electrophoresis by diluting 
3 u.1 of each product to a total of 27 jiL using a combination 
of PCR products generated from other loci for that same 
maiie genotype (multiplexing) and/or dH20. Dilution of 1-3 
\l\ of this mixture to 5 u.1 with gel loading dye was performed; 
it was then clectrophorcsed at 1700 V for 1.3 hr on an ABF 
mode! 377 automated DNA sequencer equipped with GENE- 
SCAN sofovarc v. 3-0 (PE-Applierf Blosystems, Foster City. CA). 

PCR products were sized automatically using the "local 
Southern' siring algorithm (Elder and Solo-hern 1987>. 
After sizing of PCR products using GencScan, alleles were 
assigned using Genoryper software (PE-Applied Biosystemi). 
Generally, allele assignations for each locus were made on 
the basis of histogram plots consisting of 0.5-bp bins- Breaks 
between the histogram plots of >1 bp were generally consid- 
ered to constitute separation between allele bins; however, 
other criteria, such as the presence of the non template- 
directed addition of adenine (+A addition) and naturally 
occurring 1-bp alleles, were used on a marker-by-marker basis 
to define the allele dictionary. All allele scores were made 
without knowing the identities of the maize genotypes. 



RESULTS 

T;\ble 2 presents the probability of closest ancestry of 
the top five ranking inbred lines for each of 5 hybrids 
at P= 0.50 (Table 2A) and P = 0.99 (Table 2B). Proba- 
bilities of ancestry are shown fur all 54 hybrids and the 
top ranking inbrctls in Figure \: P = 0,50 (Figure la) 
and P ■ 0.99 (Figure lb). Result* for the hybrids pre- 
sented in Table 2 are featured at the top of Figure 1 
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Probability of ancestry of five hybrids using data obtained from 50, 100, and 195 SSR loci 



Hybd. 










100 loci 










Inbd. 


Prob. 


SE 


Inbd. 


Prob. 


SE 


Inbd. 


Prob. 


SE 










A. A^uming P = 


0.50 








3417 


SP1 


0.9607 


0.0125 


PI 


0.8749 


0.0252 


PI 


1.0000 


E-07 


P2 


0.8077 


0,1965 


P2 


0.S141 


0.2235 


P2 


0.9957 


0.0033 




D2P2 


0.101b 


0.1038 


D1P2 


0.1859 


ft ggax 


n t pq 








D1P2 


0.0907 


A AAA *f 

0.092 / 


SPl 


0.1243 


U.U-D 






£A/v 




PI 


0.032 


0.0125 


DIP1 


0.0009 


a firing 


CP1 

or I 


FJ*Ui 


c J17 
L*U / 


3523 


Pi 


0,8545 


E-07 


PI 


0.9999 


<E-20 


PI 


1.0000 


<E-20 




P2 


0.81BS 


E-07 


P2 


0.5437 


<£-20 


P2 


0.9635 


0.0328 




D1P2 


0.1 699 


E-07 


D1P2 


0.4563 






n ftqe- 






GP1 


0.1441 


E-07 


GPl 


£-07 


E-IS 


5r 1 




on 




GP2 


0.0110 


£-08 


SP1 


E-07 






tic 




3556 


PI 


1.0000 


E-06 


PI 


0.9999 


E-10 


PI 


1.0000 


<E-20 




P2 


0.9616 


E-08 


F2 


0.9997 


E-10 


P2 


1.0000 


<E-20 






U.UJlU 


F.i n 


D1P2 


0.0003 


E-l 4 


D1P2 


E-09 


<E-20 






n nod* 




D2P2 


E-05 


E-15 


D2P2 


E-14 


<E-20 




rwp^> 

\J£.v — 




T-1 ft 


DSP2 


E-06 


E-l 7 


GGP2 


E-17 


E-17 


3905 


D1P1 


0.982? 


E-0S 


D1P1 


0-DS03 


0.0058 


PI 


1.0000 


E-08 




SP2 


0.4927 


E-07 


SP2 


0-6250 


0.0976 


DIP2 


1.0000 


E-06 




D2P2 


0,2836 


E-07 


D1P2 


0-2321 


0.061 / 


D2P2 


E-06 








n l fi^o 

U- i 0—~ 


L'U / 


D2F2 


0.1317 


0.0372 


P2 


E-07 


E-13 




* 4 




r at 


PI 


0.0197 


0.0058 


D3P2 


E-10 


E-l 6 


3940 


P2 


0.9997 


0.0001 


PS 


0.9999 




P2 


1.0000 


E-09 




D1P2 


0.9203 


0.0009 


PI 


0.9970 


0.00 U 


PI 


1,0000 


E-09 




PI 


0.0648 


E-05 


D1P2 


0.0030 


0.00 1 1 


D1P2 


E-ll 


r 1 1 

E-ll 




ni Pi 




F _A* 
JL-U3 


D2P2 
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E-05 


DP1P2 


£-17 
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UrlrJ 
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E-07 
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3417 
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PI 
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PI 
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E-08 


P2 


0-8836 
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P2 
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0.0722 
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PI 
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SPl 
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u 
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IT Oft 
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3525 
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0 


PI 
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0 


PI 
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0 


P2 
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0 


D1P2 
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0 


P2 
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0.4446 
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E-ll 


P2 
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U 
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E-20 


ri 
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ft 
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0 


PI 
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0 


PI 


0.9999 


0 




P2 
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0 


P2 


0.9999 
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u 




D1PJ 
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0 


D1P2 
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0 


DIP2 


E-22 


0 
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0 
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0 
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PI 
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D1P2 
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PI 


0.9999 
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P2 
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PI 
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D1P2 
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DIPt 
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E-l 2 


E-ll 
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E-44 
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E-12 
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E-21 


D2P2 


E-50 


E-49 



Hvbd.. hvbrid: Inbd.. inbred; Prob.. probability: SE. standard error, referring to the variability in che rcsulu 
of the runs: PI. parem one: P2. parent two; SP1/SP2. full sibling of pareni one/parent two; DtPl/D!P2, 
dcrivTuivcs oT pmeiti ontr/pnrcnt r^o, indc>i i far diiiinct inhreci line*: DPI P^, derivatives of buth pnrent one 
and parent ^o. 
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When the algorithm used P = 0.50. the two correct 
parents were identified ^ highest in probability for 48 
(899b) hybrid* (Figure 1). For each of 6 hybrids (3893, 
38P05, iSRT>2. 3905. 3914, and X0915A). one parent 
ranked in the top bvo places. The other piircru was 
supplanted either by u sister inbred or by uti inbred that 



was a direct progeny of that parent. Overall, 102 (94%) 
of 10S parental inbicds were correctly identified. For 
hybrids where both parents ranked first or second, the 
range of probabilities for parental lines thai ranked ftrsi 
from among it 1 1 other inbreds ranged from 1.00O0 
0.9997; parental lii»t.-> ranting second ranged from 
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1.0000 luO.MirW. for 33 hybrids, hoih parents hurl prob- 
abilities of ancestry in excess of 0.999. Probubililio of 
ancestry for n cm parents dint ranked in first or second 
places were iVuiu 0-9999 to 0.7054. For the impurity of 
hvbrids. the probability of the third and highest ranked 
nonparental inbred was at or below E-06. This indicates 
that there is usually very little uncertainty about closest 
ancestors. 

When the algorithm used P~ 0.99 to examine each 
of the 54 hybrids, both parents were correctly identified 
for 52 (96%) of hybrids and For 98% (105/10-1) of the 
parents across all hybrids (Figure l).Two hybrids (3914 
and X0915A), in which one parent was not ranked in 
the top two, were also in the subset not ranked in the 
top two assuming P — 0,50 (above). In both eases their 
ranks improved (both to third rank) and the actual 
parent was supplanted by an inbred that was a direct 
progeny of the corresponding parental line. For 49 hy- 
brids, both parents had probabilities of ancestry in ex- 
cess of 0.999. Among the 5 hybrids having a parent 
ranking second with a probability of ancestry below 
0.999, the lowest of these probabilities was 0.5976 and 
the highest probability for a third ranking nonparent 
was 0.1023. For most hybrids the probability for the 
third and highest ranked nonparental inbred was at or 
below E-10. 

Table 2 also addresses data analysis in circumstances 
where heterozygous loci occur in inbred lines or where 
a hybrid is scored for the presence of more than two 
alleles per locus. The presence of more than a single 
allele per locus in inbred lines is an infrequent occur- 
rence in well-maintained inbred development and seed 
increase programs but is possible because ^3-5% of 
loci can still be segregating and unintended pollination 
from genotypes not designated as parents of the hybrid 
can occur. For hybrids, more than two alleles per locus 
can be scored when DNA is extracted from a bulk of 
Individual plants and because inbred parents are not 
homozygous due either to residual heterozygosity or to 
contamination or because one or more direct parents 
of the hybrid are themselves hybrids. The presence of 
more than one allele per locus in an inbred line and 
more than two alleles per locus in a hybrid therefore 
can be accommodated by multiple runs of the algo- 
rithm, each with a random choice of two alleles per 
locus. Consequently, standard errors in the case of ana- 
lyzing data from 195 loci tend to be very small because 
there were few loci where an inbred or hybrid sample 
(from a bulk of individual plants) was scored for more 
than two alleles. 

Marshall ti al. ( 1998] have drawn attention to errors 
thai can be encountered in genotypmg soA'eys. These 
errors include missing data, null alleles, and typing er- 
rors. Wc therefore investigated the robustness of the 
algorithm hy examining the effects of modifications in 
the data for five hvbtirls (Ml 7. 3525. 3556. 3905. and 



riy ft al. 

3940). First, wc reduced the number of SSRs used, from 
the full set of 195 to I DO and then to 50 (Table 2). Use 
of 50 loci generated incorrect rankings of on* parent 
for each of two hybrids 1 7 and 3940) and for both 
parents of one hybrid (3905). All of these most highly 
ranked nonparental inbreds were closely related to the 
true parents far each of the respective hybrids; six differ- 
ent inbred lines were involved. Four were direct progeny 
of the true parents (one with additional backcrosses 
from the true parent) and two were full sisters (from a 
Cross of highly related inbreds) of the actual parent of 
the hybrid. Using 100 loci resulted in correct parental 
rankings for all hybrids except for 3905 where neither 
parent ranked in first or second place. Four inbreds 
outranked the true parents of 3905. All four nonparcnts 
were closely related to the respective true parents; three 
were direct progeny of the true parent of the hybrid 
(one with additional backcrossing to that parent) and 
one was a full sister of the true parent. Use of data from 
all 195 loci corrected the placement for one of the 
parents of hybrid 3905. Two inbreds that were not par- 
ents of this hybrid remained ranked more highly than 
one of the true parents. Both were direct progeny of 
that parent, and one of these inbreds had additional 
backcrossing to that parent in its pedigree. 

To address the consequences oflaboratory and other 
sources of error, we artificially compromised data qual- 
itv beyond the level originally provided by eliminating 
specific proportions of alleles thai had been scored (es- 
tablishing scenarios various numbers of SSR al- 
leles were not scored) and by misscoring other alleles 
(establishing scenarios where various numbers of SSR 
alleles were scored incorrectly). We also combined the 
scenarios of missing data and wrongly scored data. Table 
S contains a summary of the results of making these 
modifications in the data. For all modifications we used 
data from all SSR loci and wc also randomly chose SSR 
loci to create subsets of 50 and 100 loci. In each case, 
the program was run 20 times for each hybrid/set of 
loci. When all 195 loci were examined, replications dif- 
fered only according to the particular choice of alleles 
for loci where more than two alleles had been scored. 

To evaluate robustness in the face of missing data or 
mistyped data, we simulated individual and combined 
categories of these data in the hybrid and all inbred 
lines at levels of 2, 5. 10, and 25% of the alleles for each 
of five hybrids and all inbreds beyond the level of error 
as originally scored by the laboratory. We examined the 
effects of these levels and types of error for three sizes 
of database: 50 loci, 100 loci, and all 195 scored loci. 
The same five hybrids considered in Table 2 were investi- 
gated: 3417, 3525, 3556. 3903. and 3940. One of these 
hvbrids (3905) was chosen br cause one of its parents 
did not rank among the top two places even when the 
cumplete and unmodified data th>m all SSR loci were 
used. 

Examples of robustness in the face of additional error 
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lor fivv hybrids using subsets of 50 and 100 loci and all 
loci ai'v ahuwn in Table 3 where numbers of parents 
ranking loiu the top two places are presented. Degrada- 
tion iti the preferential ranking of parent inbreds at a 
levd of 25% additional missing data wtis sho^-n for one 
hvbrid (3525) with usage of 50. 100, or all SSR loci. 
Degradation in the preferential ranking of parent in- 
breds at a level of 25% additional misseored data was 
shown for hybrid 3536. When both additional levels of 
missing and misscored data were simulated, degradation 
in the ability to preferentially rank inbred parents oc- 
curred for all hybrids and for all sets of SSR (50, 100, 
and 195 loci) except for hybrid 34)7 when data from 
195 SSR loci were used. Over all five hybrids, use of 100 
loci improved robustness from the use of 50 loci; use 
of 195 loci further improved robustness for four hybrids 
(5417, 3525, 3905, and 3940). The degree of improve- 
ment was small, except for hybrid 3905. 

We also ranked in breds according to their probability 
of ancestry of hybrids when both parents and all inbred 
derivatives and full-sister inbreds of the respective in- 
bred parents for each hybrid were excluded from the 
analysis. The results are too voluminous to present here 
but can be summarized as follows: Using P = 0-50, a 
grandparent of each respective hybrid ranked into first 
place for 41 (76%) hybrids; probabilities ranged from 
0.4976 to 1.0 and most were above 0.9999. Other classes 
of inbreds that ranked in first position for probability 
of ancestry were inbreds derived directly by pedigree 
from a grandparent of the respective hybrid (DGP) for 
13% of hybrids, inbreds derived directly by pedigree 
from a great-grandparent of the respective hybrid 
(DCCP1 for 9% of hybrids, and one class (2% of hy- 
brids) with an Inbred ranked into first place that was 
directly related by pedigree to the great-great-grandpar- 
ent of that hybrid. Inbreds that ranked in second posi- 
tion were related to the respective parents of the hybrid 
as follow?: Thirty-one (57% of hybrids) were a grandpar- 
ent of the respective hybrid, 11 (20%) were classed a* 
DGP, 7 (13%) were DGGP. 1 (2%) was class DGGGP, 
and 4 (7%) were a great-grandparent (GGP) of the 
respective hybrid. Over all hybrids, two of the four 
grandparents ranked into first and second positions for 
23 (43% of hybrids); three grandparents ranked into 
the first ihree positions for 3 (9% of hybrids). There 
were no instances where all four grandparents ranked 
into the first four positions. Thirty hybrids had a grand- 
parent ranked into first position using P = 0.99. The 
number of grandparents ranked into the top five posi- 
tions was 9B (compared to 108 when P = 0.50). The 
number of grandparents ranking into the top two posi- 
tions was 55 (compared to 71 when P - 0.50). The 
mean probability of a grandparent that ranked into the 
first two positions was 0.9283 (SD - 0, [454) when P = 
0.50 and O.WftO (SD - 0.0104) uhcti P - 0.99. 



DISCUSSION 

Tht- prevalent use of paternity indices demonstrates 
that U advantageous to have explicit probabilities of 
ancestrv to distinguish among different pedigrees. Mo- 
lecular marker profiles arc rapidly becoming more ex- 
tensive and cost effective to generate. Features that would 
advance the statistical analysis of molecular market* data 
to provide explicit probabilities of ancestry include the 
ability to calculate probabilities of ancestrv where there 
is no apiion 'information as to the identity of one (usually 
the maternal) parent and robustness in the face of labo- 
ratory error. 

Maize inbred lines and hybrids provide a very exac ting 
set of ma terials for evaluatin g the discriminatory abilities 
of molecular data and statistical procedures that are 
employed to interpret those data. Hundreds of maize 
inbred lines of known pedigree together encompass a 
great diversity and complexiry of pedigree relationships. 
Some inbred lines can be very highly related and geneti- 
cally similar due to their derivation from common par- 
entage including from parents that are themselves highly 
related. Consequendy, relationship categories such as 
"sister" or "parent** when applied to maize inbreds usu- 
ally refer to closer degrees of pedigree relationship and, 
thus, of germplasm and molecular marker profile Simi- 
larity than those of the equivalently named classes of 
relationship for animal specie?- Most maize hybrids that 
are widely used in the United States today are con- 
structed from pairs of inbred lines that are unrelated 
by pedigree, each inbred parent having been bred from 
a separate "pool" of germ plasm. Various degrees of rehu- 
edness are possible between hybrids according to the 
pedigree relationships among their constituent inbred 
parents. 

Using P- 0.99 in the algorithm is more specific for 
identifying parents than using P = 0.50. However, P — 
0.99 is less robust for identifying other relatives, such 
as grandparents. When the algorithm was run at P = 
0.50 there were 6 hybrids for which one parent did not 
rank among the top two most probable genotypes. For 
the remaining 4$ hybrids the correct parents were iden- 
tified even in circumstances where other candidate in- 
breds included not only full-3ister lines bred from re- 
lated parents but also inbreds even more closely related 
to the true parent by virtue of being backcross conver- 
sions of the inbred parent of the hybrid- For each of 
the 5 hybrids where a nonparent ranked above a true 
parent, that higher ranked inbred was always either a 
sister or progeny of the outranked true parent. The 
range of pedigree- relationships as expressed by the 
Malccoi toe I fid em of relatcdncss (MaLKCOT 1 948) that 
was encumpa-ssed by pairs of true parents und more 
highly ranked inbred relatives of the true parents was 
from 0.8.W to O.WSO. A coefficient of 0.83i»0 approxi- 
mate!! n relationship between inbred A and A where 
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inbred A' has been bred from :i cross of inbreds A and 
B willi tvcKAvcn «iic and i\vo :iddiijun;i1 b.icki: rouses nf 
the parental inbred A. A Malecot coefficient of relation- 
ship of 0.9630 closely approximates a relationship be- 
tween inbreds A and A" where four additional buck- 
crosses of parental inbred A follow the initial cross of 
inbred* A and B. 

Running the algorithm ai P m 0.99 in comparison to 
P = 0.50 raises the probability of ancestry For the parents 
while diminishing the probabilities for the third and 
lower ranking candidate inbred lines. Use of the algo- 
rithm at P = 0.99 increased both the percentage of 
hybrids with both parents ranked in the first two posi- 
tions (from S9 to 96%) and the percentage of parental 
inbreds that were ranked first and second {from 94 to 
9S%)- Two hybrids (S914 and X0915A) did not have 
both parents ranked first and second when the algo- 
rithm was nm at P = 0.99. For both of these hybrids 
the nonparenta! inbred that Outranked the true parent 
was itself a product by pedigree from the true parent 
that had been created by an additional four backcrosscs 
of that parent; the Maltcot coefficient of relationship 
between the parent of the hybrid and the inbred that 
outranked that parent for these two hybrids was 0.9636. 

Robustness was tested by evaluating the effects of us- 
ing data from different numbers of loci and by simulat- 
ing additional levels of missing and vnisscored data up 
to combined levels of 55% error beyond that which was 
provided by the laboratory. From our experience, error 
rates of 5 to 10% can Occur in SSR profiling of maize 
due chiefly to the combined effects of residual heterozy- 
gosity among seed lots and bv deficiencies in the scoring 
of heterozygotes in hybrids. The additional levels of 
simulated error, therefore, include values (up to ^S5% 
total error) that are well outside of our experience. For 
five hybrids that were examined, increasing the number 
of loci from 50 to 100 (wStb no additional mining or 
miascorcd data) did reduce the number of instances 
where inbreds that were not parents of a hybrid out- 
ranked the true parent from four to one. Nonetheless, 
all of these more highly ranked inbreds, although they 
were not themselves the true parents of the respective 
hybrid, were either direct progeny or full sisters of the 
true parent (Table 2). Conscquendy, if such degrees of 
error can be tolerated in respect of pedigrees for inbreds 
that are identified as parents of hybrids, then SSR data 
from 50 loci of equivalent discrimination abiliry are 
sufficient. Use of data from 50 loci also evidenced ro- 
bustness in the face of up to 10% additional levels of 
either missing or misscored data; no degradation in the 
abiliry lo identify □ parent was apparent up to the level of 
10% additional error except for 10% additional missing 
and iniwCOrcd alleles for one hybrid (3325: Table 3). 
However, use oT LOO loci increased the proportion of 
true parents that were correctly idenufied from 5$% 
(for 50 loci) to 71 1 > (mean correct parents over all 



level* of error; Table 3). Use of data from 195 loci 
provided greater resiliency ugitmsi uddiiioiiul kvtl> of 
error. However, use of data from 195 loci was unable to 
provide resiliency against the negative effects uf adding 
combined levels (at 25%) of both missing and misscored 
data (Table 3). At the 25% level of additional poor data 
integrity, inbred3 that were not related to the true parent 
of the hybrid outranked the true parent for four of the 
five hybrids. Levels of missing or mUscored data should, 
therefore, be kept below 15-20% (assuming a level of 
5-10% error in the data we analyzed prior to simulating 
additional error). 

We have previously examined the pedigTecs of in- 
brcds thai arc ranked into the first two positions when 
the true parents are removed from the list of candidate 
inbred lines. Usually, direct progeny or full sisters of 
the true parents then rank most highly (data not pre- 
sented) . We therefore examined the rankings of inbreds 
with respect to their ranking and probability of inclusion 
in the ancestry of each hybrid after the removal, not 
only of the true parents, but also of the progeny of the 
true parents and any full sisters of the true parents. In 
these circumstances the grandparents of the hybrids arc 
ranked predominantly into top positions. Using P = 
0.50, a grandparent ranked into first position for 76% 
hybrids and into second position for 57% hybrids; with 
P = 0.99 a grandparent ranked into first place in 56% 
of hybrids. At P - 0,50 rw© grandparents ranked into 
first and second positions for 43% hybrids and into the 
first three positions for an additional 9% hybrids. Most 
of the remaining inbreds that ranked into the top two 
positions were progeny of the grandparent- A total of 
108 grandparents ranked into the top five positions 
when P = 0.50; 93 ranked into these positions when P = 
0.99. Seventy-one grandparents ranked into the top two 
positions when P « 0.30; 35 grandparents ranked into 
these positions when P - 0.99. The mean probability 
of a grandparent in the top two positions was 0.92SS 
(SD 0.1454) when P = 0.50 and 0.9930 (SD 0.0104) 
when P = 0.99. Our algorithm was written to identify 
pairs of ancestors; alternative algorithms could be tai- 
lored to identify all grandparents once parents had been 
identified and removed from the list of candidate in- 
brcds. 

We have demonstrated the capability and robustness 
of an algorithm that can be used to show probability of 
parentage in circumstances where the a priori pedigree 
identity of neither parent is known. Exclusions are taken 
into account, thereby allowing parentage to be shown 
even when the two parents are not represented in the 
database of molecular profiles that arc examined. Het- 
erozygous candidate parents can be accommodated- 
The number of loci that is necessary to provide a reliable 
basis of delenvtimng pedigree is dependent up<»n ihe 
degree of related ne** among parents and nonparents 
and upon the discriminatory ability of the marker system 
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in die species of interest. Using P = 0.99 compared to 
P — 0.50 pieffienuaih identified more true p.ucntj; iuul 
with a greater difference of probability to third placed 
nonpurertLs. If there is reusonublc assurance thai the 
parents are among the candidate list of inbreds. then 
P — O.yy should be used; if greater robustness is re- 
quired, then P = 0.50 should be used, 

Applications of our algorithm include the identifica- 
tion of pedigrees among individuals of plant or animal 
species where molecular profile datasets exist that can 
be interpreted in terms of segregating alleles at individ- 
ual marker loci and that provide a sufficient power of 
discrimination. Capabilities to generate large dacasets 
of suitable molecular profile data are already available 
and are increasing rapidly with the advent of single 
nucleotide polymorphisms. One further application of 
our algorithm is to assist in the protection of intellectual 
property thai is obtained on plant varieties or upon 
specific dams or sires of animals through the determina- 
tion of pedigrees. 
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What is an "Essentially Derived VariQty"? 

The concept of essentially derived variety was introduced into the 1991 Act of the UPOV 
Convention in order to avoid plagiarism through mutation, multiple back-crossing and to 
fill the gap between PI antBreederJ. Rights and patents, gap which was becoming 
important due to the development of the use of patented genetic traits in genetic 
engineering. 

An essentially derived variety is a variety which is distinct and predominancy derived 
from a protected initial variety, while retaining the essential characteristics of that initial 
variety. 

As indicated as an example in the UPOV Convention, essentially derived varieties may 
be obtained by the selection of a natural or induced mutant, or of a somaclonal variant, 
the selection of a variant individual from plants of the initial variety, back-crossing, or 
transformation by genetic engineering. 

The commercialization of an essentially derived variety needs the authorization of the 
owner of the rights vested in the initial variety. 

The concept of essentially derived variety does not at all abolish the Breeder's 
Exemption, as free access to protected plant varieties for breeding purposes is 
maintained. It is not a threat to biodiversity. On the contrary, it favors biodiversity, 
encouraging breeders developing and marketing original varieties. 
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INTERNATIONAL COHVENTION 
FOR THE 

PROTECTION OP NEH VARIETIES OF PLANTS 

of December 2, 1961, as revised 
at Geneva on November 10, 1972, 
on October 23, 1976, and 
on Hatch 19, 1991 



adopted by the Diplomatic Conference 
on March 19, 1991 

reproduced from DPOV Publication Ho. 438 (£) 
issue No. 63 of "Plant variety Protection" 



1991 Act of the Convention 
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Article 13 

.'""! Examination of the application 

- Any decision to grant a breeder's right shell require a* examination tor 
compliance with the condition* under Article* 5 to 9. In the ! course of the^ 
examination, the authority My grow the varlsty or carry out other necessary* 
testa, cause the growing of the variety or the carrying out of other necessary 
teats, ot take into account the result* of growing teste or Other trials which 
have already been carried out. For the purposes of examination, the authority 
■ay require the breeder to furnish all the necessary information, document* or 
material. 



Article 13 
Provisional Protection 

Each Contracting Party shall provide sjeasvrcs designed to safeguard the 
interests of the bzaeder during the period between the filing or tna publica- 
tlon of the application for the grant of a breeder's right and the grant of 
that right, fiueh erasures aball have the effect that the holds r of a breeder's 
right shall at lsast be entitled to equitable remuneration froa any person who, 
during tat said period, has carried out acts which, once the right is granted, 
require the breeder's authorization aa provided in Article 14. A Contracting 
Party may provide that the said measures shell only take effect In relation to 
persons whoa the breeder has notified of the filing of the application. 



oiaptxk v 

THK BIGOTS 0* fflE BHBBD1K 

Sco pe of the Breeder »s Right 

(1) f Acts in respect of the propagating Material ] la) subject to Articles IS 
and 16, the following acts in respect of the propagating material of the pro- 
tected variety shall require the authorization of the breeders 

(i) production or reproduction (multiplication), 
(11) conditioning for the purpose of propagation, 
till) offering for sale, 
(lv) selling or other marketing, 

tv) exporting, 
Cvi) importing, 

(vli) ft toe king for any ot the purposes mentioned in, (I) to <vi), above. 

(b) the breeder may make his authorization subject to conditions and 
limitations;. , 

(2) I Acts in reapect of the harvested material ) Subject to Articles 15 
and 1«> the acts referred to in Items (ij to (vllj of paragraph Cl)<"> ln 
respect of harvested material* including entire plants and parts of plant", 
obtained ' through the unauthorized use of propagating material of the protected 
variety ahall require the authorisation of the breeder f unless the breeder has 
had" reasonable opportunity to exercise bis right in r slat ion to the amid 
propagating material. 
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<jj I Acti in respect of certain products ] Each Contracting Party may provide 
that, subject to Articles 15 ud H, the acts referred to in items (1) to (vii) 
of paragraph (l)(a) in rtiptct of products made directly from harvested mate- 
riel of the protected variety falling within the provision* of paragraph (2\_ 
through the unauthorized use of the said harvested material shall require the* 
authorization of the breeder, unless the bresder has had reasonable opportunity 
to exercise hia right in relation to the said harvested Materiel. 

(41 ( Possible additional acts ] Each Contracting Party amy provide that ^sub- 
ject to Article* IS and 16, acta other than those referred to in iteu (i) to 
(vii) of para9raph UJ(a) ctiall alao require the authorisation of the breeder. 

(5) I gaaentially arrived and certain other varlstias l [a) The provisions of 
paragraphs (1) to (4) shall also apply la relation to 

(i) varieties wnien »re essentially derived from the protected variety, 
where the protected variety is sot itself an essentially derived variety, 

(11) varieties which are not clearly distinguishable in accordance with 
Article 7 iron the protected variety and 

(ill) varieties whose production requires the repeated use of the protected 
variety. 

(bj For the purposes of subparagraph (e)(1)* a variety shall be deemed to 
be essentially derived frosi another variety ("the initial variety*) when 

(i) it is predominantly derived from the Initial variety, or fro* a variety 
that la itself predominantly derived £roa\ the Initial vaclety f while retaining 
the expression of the essential characteristics that result from the genotype 
or combination of genotypes of the initial variety, 

(11) it is clearly distinguishable fro*, the initial variety and 
(ill) except for the differences which result fron the act of derivation, it 
conform* to the Initial variety in tne expression of the essential characteris- 
tics that result froa the genotype or combination of genotypes of the initial 
variety, 

(c) Essentially derived varieties may be obtained Cor example by the selec- 
tion of s natural or Induced mutant, or of a soaaclonal variant, the selection 
of a variant Individual fron plants of the initial variety, fe*c*ciossing t or 
transformation by genetic engineering. 



Article IS 
rece ptions to the Breeder 'a Hlght 

<1) I Compulsory except ions 1 Hhe breeder's right ahaii not extend to 
(1) acts done privately and for non-commercial purposes, 
<ii) acts done for experimental purposes and 
(111) acts done for the purpose of breeding other varieties* ondi except 
where the provisions of Article 14(5) apply, acts referred to in Artiele 14(1) 
to (4) in respect oC such other varieties. 

(2) ( Optional exception ] Notwithstanding Article 14, each Contracting Party >r 
auiy, within reasonable limita and subject to the safeguarding of the legit iatate . l 
interests of the breeder, ^restrict the breeder •« right in relation to any 
variety in order to permit farmers to use for propagating purposes, on their fij 
own holdings, the product of the harvest which they have obtained by planting, 
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Attorney Docket No. 1199E 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicant: Todd E. Piper 



Date: 



December 4, 2002 



Serial No.: 09/491,596 



Group Art Unit: 1638 



Filed: 



January 25, 2000 



Examiner: 



Ashwin D. Mehta 



For: 



"INBRED MAIZE LINE PH54H 



Assistant Commissioner for Patents 
Washington, D.C. 20231 



RULE 132 DECLARATION 
OF 

DR. STEPHEN SMITH 



Sir: 



I, Stephen Smith. PhD., do hereby declare and say as follows: 

1 . I am skilled in the art of the field of the invention. I have a Ph.D. in Biochemical 
Systematica and Taxonomy of Maize and its Wild Relatives from Birmingham University. 
I have a M.Sc. in the Conservation and Utilization of Plant Genetic Resources from 
Birmingham University. I have a Bachelor of Science degree in Plant Sciences from 
London University. Since 1977 I have been engaged in the development, study and 
application of molecular markers to genetics, measuring genetic diversity and tracking 
pedigrees. I commenced this work at North Carolina State University as a post-doctoral 
research fellow. I have continued my engagement in these studies during my 
employment by Pioneer Hi-Bred from 1980 until the present These studies have 
resulted in numerous scientific articles that have appeared in peer reviewed scientific 
literature, 

2. I have read and understood the Office Action in the above case dated August 1 2, 
2002, This declaration is in response to the Examiner's rejection under, 35 U.S.C. § 
102(e) as anticipated by or, in the alternative, under 35 U.S.C. § 103(a) as obvious over 
Carrigan et al. (U.S. Patent No. 5,936,148). 

3. I have conducted an analysis of SSR marker data for inbred PH54H and the 
inbred cited as prior art, PH1GC. Out of a total of 146 SSR loci examined, which 
allowed a sampling of each chromosome, there are 85 markers that show differences 
between PH54H and PH1 GC. This represents a difference for 58% for the markers 



Received from < 515 334 6883 > at 12110102 3:26:20 PM [Eastern Standard Time] 



12/10/02 TUE 13:40 FAX 315 334 6883 PIONEER HI-BRED DSM @1048 

09/491,596 

tested. Of these 85 markers, 31 were greater than 50 cm in distance, or unlinked on the 
genetic map. 

4. Upon crossing PH54H to any other maize line and selfing successive filial 
generations, one would within the realm of what is statistically possible, obtain a progeny 
inbred maize line that retains genetic contribution from PH54H. Assuming that (i) the 
cited prior art is used as the maize line to which PH54H is crossed, (ii) that the only 
difference between PH54H and PH1GC are these 85 markers, and (Hi) that all markers 
within a 50 cM distance will segregate together, then the odds of obtaining a PH54H 
progeny inbred that is the same as PH1GC after one cycle of breeding, is 1 in 2 31 or 1 in 
2, 147.483,648. Statistically it is extremely unlikely that a PH54H progeny, after one 
cycle of breeding, would be the same as PH1 GC 

5. Further, the assumptions made above vastly overstate the likelihood of breeding 
PH1GC from PH54G. For example, it is common practice in quantitative genetics to 
determine the relation of plants by differences in markers. In doing so, one extrapolates 
that a percentage difference in markers is indicative of a difference in the whole genome. 
To assume that the only differences between PH54H and PH1GC are for these 85 
markers, when 85 markers constitute 58% of the 146 SSR loci examined, is a gross and 
unrealistic assumption. Further the current maize genetic map only has approximately 
sixty 50cM units, so by applying this limitation the maximum number of independently 
segregating loci one could obtain, using the most different maize lines that could ever be 
found, is sixty. These assumptions result in an over estimate of the odds of breeding 
PhhGCfrom PH54G. 

6. Given the difference in molecular markers between PH54H and PH1GC, it is my 
expert opinion that PH54H and PH1GC are very distinct inventions. It is also my expert 
opinion that, within the realm of what is statistically possible, any progeny of PH54H 
developed through crossing PH54H with another plant will be distinct from PH1GC. 
Given the facts and based on my education and scientific experience, f believe that the 
invention as claimed is not obvious nor anticipated by Carrigan et al. (U.S. Patent No. 
5,936,148). 

7. I hereby declare that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be true; and 
further that these statements were made with the knowledge that willful false statements 
and the like are punishable by fine or imprisonment, or both, under Section 1001 of Title 
18 of the United States Code and that such willful false statements may jeopardize the 
validity of the application or any patent issued thereon. 
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Date: II ■ - & ^— By:_ 



Stephen Smith 
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